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(54) Determining a base line of a measurement curve. 



(57) A base line (B) of a measurement curve (C) is 
determined by preparing a template (T) having 
an upwardly convex arc ; moving, without rotat- 
ing, the template (T) with the arc of the template 
always contacting the measurement curve (C) ; 
and determining the base line (B) as the en- 
velope of the arc of the template (T). 
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This invention relates to determining a base line 
of a measurement curve, for example a data curve re- 
corded by a measurement. 

When data from a measurement apparatus, such 
as a chromatograph or spectrometer, is continuously 
plotted against time, wavelength, etc., a measure- 
ment curve including a peak or peaks is obtained. Due 
to various factors, the base line of a measurement 
curve often deviates from a zero line of the measure- 
ment apparatus or recorder. In this event, it is neces- 
sary to determine the base line first to measure the 
true height (or to measure the area) of the peak or 
peaks. Determining the base line is especially diffi- 
cult when, as shown in Fig. 1 of the accompanying 
drawings, the base line B of a measurement curve C 
(on which a peak or peaks P1, P2 stand) curves. 

A previously proposed method of determining a 
base line is as follows. First, a peak is detected by de- 
tecting the rising point and the falling point at which 
the absolute value of the slope of the measurement 
curve becomes greater than a certain reference val- 
ue and becomes less than another reference value. 
The starting point of the peak is determined as the 
point which is a preset distance before the rising 
point, and the ending point of the peak is determined 
as the point which is a preset distance after the falling 
point. The base line in this case is determined as the 
line connecting the starting point and the ending 
point. 

There are several other methods of determining 
the base line of a peak, but, in any case, the starting 
point and the ending point of a peak should be deter- 
mined first. In order to determine these points, the op- 
erator must determine beforehand various parame- 
ters, such as reference values for the slope of the ris- 
ing point and of the falling point or the values of the 
preset distances. If the parameters are once deter- 
mined, then the base line can be determined auto- 
matically. But, many operators find difficulty in deter- 
mining appropriate values for the various parameters 
because the values are not apparent from the meas- 
urement curve. 

According to a first aspect of the invention there 
is provided a method of determining a base line of a 
measurement curve, the method comprising the 
steps of: 

preparing a template having an upwardly con- 
vex arc; 

moving, without rotating, the template with the 
arc of the template always contacting the measure- 
ment curve; and 

determining the base line as the envelope of 
the arc of the template. 

According to a second aspect of the invention 
there is provided a data processing apparatus for de- 
termining a base line of a measurement curve, the 
apparatus comprising: 

measurement curve generating means; 



template generating means for generating a 
template having an upwardly convex arc; 

moving means for moving, without rotating, 
the template so that the arc of the template always 
5 contacts the measurement curve; and 

envelope generating means for generating an 
envelope curve of the arc of the template while the 
template is moved, whereby the envelope is the base 
line of the measurement curve. 
10 The method and apparatus alleviate the opera- 

tor's burden in determining the base line of a meas- 
urement curve, and provide an easier way of deter- 
mining the base line. That is, since the operator can 
prepare (or determine the shape of) the template hav- 
15 ing regard to the measurement curve, and the deter- 
mination of the shape of the template need not be so 
strict, the operator's burden is greatly alleviated. 

The invention will now be further described, by 
way of illustrative and non-limiting example, with ref- 
20 erence to the accompanying drawings, in which: 

Fig. 1 is a diagram showing a template moved 
while contacting a measurement curve; 
Fig. 2 shows a presentation of a display device of 
apparatus embodying the invention; 
25 Fig. 3 is a flowchart of a base line determining 

method embodying the invention; 
Fig. 4 is a block diagram of data processing ap- 
paratus for determining a base line of a measure- 
ment curve by a technique embodying the inven- 
30 tion; 

Fig. 5 is a block diagram of a data analyzer em- 
bodying the invention; 

Fig. 6 is a flowchart of a program performed by 
the data analyzer; 
35 Fig. 7 is a flowchart of a subroutine of the pro- 

gram Fig. 6; 

Fig. 8 is a flowchart of another subroutine of the 
program of Fig. 6; and 

Fig. 9 is a graph for explaining the geometry of 

40 the measurement curve and the template used in 

the embodiment of the invention. 
A data analyzer embodying the invention will now 
be described with reference to Figs. 1 to 9. As shown 
in Fig. 5, the data analyzer 10 is equipped with a mi- 

45 croprocessor (CPU) 11, a read only memory (ROM) 
12, a random access memory (RAM) 13 and several 
interface circuits (l/F) 15 to 19 for external devices in- 
cluding a keyboard 21, a mouse (or a joystick) 22, a 
disk memory device 23 and a display device 24. A 

so measurement apparatus 20, such as a chromato- 
graph or a spectrometer, is connected to the data ana- 
lyzer 10 via the interface circuit 15. 

According to programs stored in the ROM 12 or 
loaded from the disk memory device 23 into the RAM 

55 13, the CPU 11 of the data analyzer 10 realizes re- 
spective elements M1 to M4 (namely a measurement 
curve generating means M1, a template generating 
means M2, a moving means M3 and an envelope gen- 
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erating means M4) of a block diagram of Fig. 4 and 
performs process steps of a flowchart of Fig. 3. A 
process of determining the base line of a measure- 
ment curve by the data analyzer 10 will now be de- 
scribed referring to the flowchart of Fig. 6. 5 

First, the CPU 11 receives data from the meas- 
urement apparatus 20 and stores the data in a meas- 
urement data memory area provided in the RAM 13. 
Instead of receiving data from the measurement ap- 
paratus 20, it is possible to retrieve data previously w 
stored in the disk memory device 23. Then the CPU 
11 generates a measurement curve C and show it on 
the display screen 24, as in Fig. 2, by plotting the data 
against an appropriate parameter (such as time, wa- 
velength, etc.) used in the measurement (step S11). 15 
In this phase, the CPU 11 functions as the measure- 
ment curve generating means M1. 

Regarding the measurement curve C shown on 
the display screen 24, the operator of the data ana- 
lyzer 10 gives the CPU 11 a parameter for generating 20 
a template T using the keyboard 21 (or the mouse or 
joystick 22) (step S12). In the present system, as 
shown in Fig. 2, the chord Tb of the template T is fixed 
at a preset length, and the arc Ta of the template T is 
presumed to be parabolic for simplicity. Thus, given 25 
the height A of the arcTa as the parameter, the CPU 
11 can generate a fixed shape of template T on the 
display screen 24. In this phase, the CPU 1 1 functions 
as the template generating means M2. 

Before finally fixing the shape of the template T, 30 
the operator tentatively determines the shape of the 
template T. Then, moving the template T on the dis- 
play screen 24 using the keyboard 21 or mouse 22, 
the operator applies the template T on the part of the 
measurement curve C having an ostensibly largest 35 
curvature. By changing the value of the parameter A 
(height of the arc Ta) there, the operator determines 
the final value of the parameter A (or the final shape 
of the template T) as the smallest value of A with 
which the arc Ta of the template T does not cross the 40 
measurement curve C and contacts it at as many 
points as possible. It should be stressed here that this 
adjusting operation need not be so strict. Even if the 
height A is a little larger or smaller, there is little dif- 
ference in the finally determined base line B. There- 45 
fore the burden of the operator for determining the 
parameter A is far less than the case for determining 
the non-apparent parameters in the conventional 
method. 

The geometry of the measurement curve C and so 
the template T is defined as in Fig. 9. The abscissa 
of the measurement curve C is denoted by the order 
i (i=0, 1 , n) of the sampling points of the measure- 
ment (here i corresponds to time, wavelength, etc.), 
and the height of the measurement curve C (i.e., the 55 
value of data) at a sampling point i is denoted as D(i). 
The height of the base line B is denoted as B(i). The 
template T is assigned its own coordinate system in 



which the unit length of the abscissa j is the same as 
that of i but the origin O is taken at the centre of the 
chord Tb. The height of the arc Ta from the chord Tb 

at a point j is denoted as T(j) (j=- m 0 m). Since 

the arc Ta is presumed parabolic, 

T(0) - TO) = k j2 
where k is a constant. At either end of the chord Tb, 
i.e., at j=-m or j=m, 

T(m) = T(- m) = 0, 
and at the centre O, 

T(0) = A. 

Then 



k = A/m 2 . 
Thus 



T(0) - T(m) = A = k m* or 

T(j) = T(0) - k-j 2 

= A - (A/m 2 )-j 2 
= A-(l - j 2 /m 2 ). 



in the coordinate system (with the origin at the point 
O) of the template T. If the arc Ta of the template T is 
presumed to be circular, elliptic, etc., the CPU 11 uses 
other formulae than those used above, but there is 
no significant difference in the computing time for re- 
cent high-performance microprocessors. 

When the final shape of the template T is deter- 
mined by the operator (step S12), the CPU .11 calcu- 
lates the values of T(j) (j=-m 0 m) according 

to the equation above and stores the values in a tem- 
plate memory area provided in the RAM 1 3. Then the 
CPU 11 initializes the values B(i) (i=0, n) of the en- 
velope line (which finally becomes the base line B) 
stored in memory cells of a base line memory provid- 
ed in the RAM 13 with the smallest possible value. 
The smallest possible value is assumed to be 0 in this 
case. Then the CPU 11 brings the template T to the 
starting point, i.e., brings the origin O of the template 
T to the siampling point i=0 (step S13). 

After the initialization, the CPU 11 contacts the 
template T to the measurement curve C (step S15) at 
the sampling point i. The method of detecting the con- 
tact point is detailed later. When the template T is con- 
tacted to the measurement curve C, the CPU 11 up- 
dates the envelope line of the template T (step S16). 
The method of updating the envelope line is also de- 
tailed later. After updating the envelope line, the CPU 
11 moves the template T to the next sampling point 
i=1 (step S17) and repeats the same process (steps 
S 1 5-S 1 6) increasing the value of i (step S 1 7) until i=n. 
The CPU 11 at steps S17 and S15 functions as the 
moving means M3, and at step S16 functions as the 
envelope generating means M4. When i reaches n 
(step S14), the final shape of the envelope line rep- 
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resents the base line B of the measurement curve C 
(step S18). After the base line B is determined, the 
data analyzer 10 processes the measurement data 
D(i) according to a preset program. For example, the 
true height of a peak P1 , P2 is obtained by subtracting 
the value of the data by the height of the base line B 
at the same sampling point, and the area of a peak 
can be defined by the area surrounded by the meas- 
urement curve C and the base line B. 

The method of contacting the arc Ta of the tem- 
plate T to the measurement curve C is now explained 
referring to Fig. 7. Here, for simplicity, the chord Tb 
of the template T is assumed to be on the zero line Z 
of the measurement curve C (though they are shown 
separate in Fig. 9 for better visibility). The CPU 11 
moves the template T horizontally and brings the ori- 
gin O (j=0) to a pertinent sampling point i (step S17). 
Then the CPU 11 calculates the difference between 
the ordinate of the measurement curve D(i+j) and 
that T(j) of the arc Ta of the template T at the same 
abscissa (step S21). After calculating the distances 
between the measurement curve C and the arc Ta of 
the template T at every point of j=-m to j=m, the CPU 
11 detects the point jc at which the distance [D(i+j) - 
T(j)] is the minimum (step S22). The point jc by the co- 
ordinate system of template T (or [i+jc] by the coordin- 
ate system of the measurement curve C) is the point 
at which the template T contacts the measurement 
curve C if the template T is moved vertically by the 
minimum distance min(D - T) = [D(i + jc) - T(jc)] at 
the sampling point i (step S23). The template T need 
not be actually moved vertically on the display screen 
24, but it can be performed in the background. 

The method of updating the envelope line is then 
explained referring to Fig. 8. As explained above, the 
arc Ta of the template T at the sampling point i-1 con- 
tacts the measurement curve C at the point [i - 
1 + jc1] if the template T is moved vertically by the 
distance [D(i - 1 + jd) - T(jc1)]. When the template 
T is moved horizontally to the next sampling point i, it 
contacts the measurement curve C at a point [i + jc1] 
if moved vertically by the distance [D(i + jc2) - 
T(jc2)]. The arc Ta1 at the sampling point i-1 and the 
arc Ta2 at the sampling point i do not coincide (be- 
cause the template T is moved horizontally), and 
there is a portion of the arc Ta2 that is superior to 
(above) the arcTal. The CPU 11 stores the ordinate 
T(j) of the portion of the arc Ta2 (that is superior to the 
arc Ta1 ) to the memory cell B(i) of the base line mem- 
ory. The superiority of the arc Ta2 (or the latest arc) 
can be detected by comparing the value of the ordin- 
ate of the arc Ta2(j) = [T(j) + D(i+jc2) - T(jc2)] 
with the value in the corresponding memory cell 
B(i+j) (step S31). If [TO) + D(i + jc2) - T(jc2)] > 
B(i + j), the data in the memory cell B(i) is updated to 
the new data Ta2(j) = [T(j) + D(i+jc2) - T(jc2)] 
(step S32). After the template T is moved from i=0 to 
t=n, the data in the memory cell B(i) (i=0, 1 n) rep- 



resent the envelope of the template T thus moved, 
which is the base line B of the measurement curve C. 



5 Claims 

1. A method of determining a base line (B) of a 
measurement curve (C), the method comprising 
the steps of: 

w preparing (S1) a template (T) having an 

upwardly convex arc; 

moving (S2), without rotating, the tem- 
plate (T) with the arc of the template always con- 
tacting the measurement curve (C); and 

15 determining (S3) the base line as the en- 

velope of the arc of the template (T). 

2. A met hod according to claim 1, wherein the tem- 
plate moving step (S2) comprises: 

20 moving the template (T) horizontally under 

the measurement curve (C); 

calculating (S21), at a given horizontal 
position of the template (T), the vertical distance 
between the arc (Ta) of the template and the 
25 measurement curve (C) at plural points of the arc 

of the template; 

detecting (S22) the minimum said vertical 
distance; and 

moving (S23) the template vertically at the 
30 given horizontal position by said minimum verti- 

cal distance. 

3. A method according to claim 1 or claim 2, wherein 
the base line determining step (S3) comprises: 

35 initializing data of the base line by a small- 

est value; 

judging (S31) whether the arc of the tem- 
plate (T) after movement is superior to the arc be- 
fore movement at plural points of the arc after 
40 movement; and 

updating (S32) data of the base line at the 
points where the arc after movement is superior 
to the arc before movement by the data of the arc 
after movement. 

45 

4. A method according to claim 1, claim 2 or claim 
3, wherein the arc of the template (T) is parabolic. 

5. A method according to claim 1, claim 2 or claim 
so 3, wherein the arc of the template (T) is circular. 

6. A method according to claim 1, claim 2 or claim 
3, wherein the arc of the template (T) is elliptic. 

55 7. A data processing apparatus for determining a 
base line (B) of a measurement curve (C), the ap- 
paratus comprising: 

measurement curve generating means 
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(M1); 

template generating means (M2) for gen- 
erating a template (T) having an upwardly convex 
arc; 

moving means (M3) for moving, without 5 
rotating, the template (T) so that the arc of the 
template always contacts the measurement 
curve (C); and 

envelope generating means (M4) for gen- 
erating an envelope curve of the arc of the tern- w 
plate (T) while the template is moved, whereby 
the envelope is the base line (B) of the measure- 
ment curve (C). 

8. Apparatus according to claim 7, wherein the mov- 15 
ing means (M2) comprises: 

horizontal moving means for moving the 
template (T) horizontally under the measurement 
curve (C); 

distance calculating means for calculating, 20 
at a given horizontal position of the template (T), 
the vertical distance between the arc (Ta) of the 
template and the measurement curve (C) at plu- 
ral points of the arc of the template; 

minimum detecting means for detecting 25 
the minimum said vertical distance; and 

vertical moving means for moving the tem- 
plate vertically at the given horizontal position by 
said minimum vertical distance. 

30 

9. Apparatus according to claim 7 or claim 8, where- 
in the envelope generating means (M4) compris- 
es: 

a base line memory composed of a plural- 
ity of memory cells for storing data of plural points 35 
of the base line (B); 

superiority judging means for judging 
whether the arc of the template (T) after move- 
ment by the moving means is superior to the arc 
before movement at every horizontal point; and 40 

updating means for updating data in the 
memory cell of the base line memory corre- 
sponding to the point where the arc after move- 
ment is superior to the arc before movement by 
the data of the arc after movement. 45 

10. Apparatus according to claim 7, claim 8 or claim 
9, wherein the arc of the template (T) is parabolic. 

11. Apparatus according to claim 7, claim 8 or claim so 
9, wherein the arc of the template (T) is circular. 

12. Apparatus according to claim 7, claim 8 or claim 
9, wherein the arc of the template (T) is elliptic. 

55 
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